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2 
Abstract 
This is the second and final deliverable of the 1st task of the REGIOTRANSII project and refers to the results 
that have already been presented in two scientific journal publications: Christodoulou et al. (2020) and 
Christodoulou and Christidis (in press), and a JRC Technical Report: Christodoulou and Christidis (2020a). 
Different accessibility indicators are calculated for all urban areas with more than 250 thousand people in the 
EU27, the UK, Switzerland and Norway. Each city is analysed by means of a population grid of 500 m by 
500 m and represented by a wider area covering both the densely populated urban centre and the commuting 
zone. To capture congestion, we measure accessibility for each grid cell at different times of the day that 
correspond to different traffic conditions using the detailed network and congestion information provided by 
TomTom. 
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1 Introduction 
Congestion determines connectivity within urban areas. It represents the negative aspect of agglomeration 
that otherwise drives growth in cites. Congestion is a repercussion of the massive adoption of cars as the 
main transport mode, but the underlying reasons may be a wide range of geographical, demographic and 
socio-economic factors that shape land use, economic activity or the provision of public transport services. 
The methodology applied consists of a framework for the analysis of the impact of congestion using 
accessibility indicators and standardized data. The analysis is conducted at the level of Functional Urban 
Areas (FUAs) that include both the centre and commuting zone of cities (OECD, 2012). The results cover all 
FUAs – 310 in total – with more than 250 thousand people (2011 population (European Commission, 2011)) 
in EU27, the UK, Switzerland and Norway. Furthermore, to capture the spatial detail of congestion the analysis 
is conducted at grid level (500 m by 500 m). Travel time from each grid cell to all others is calculated at 
different times of the day to capture the variation in traffic conditions. We rely on the full road network and 
link-level congestion information provided by TomTom. 
Accessibility indicators are suitable to assess the impacts of congestion because they capture the disruptions 
caused while they are easy to interpret. Α literature review on accessibility and congestion can be found in 
Christodoulou and Christidis (2020a).  
In order to better understand the causes and impacts of congestion, and be able to identify viable solutions 
against it, traffic needs to be studied at a fine level of temporal detail because it mainly occurs at specific 
times of the day. However, only a few studies have measured accessibility dynamically and most of them 
have done so for public transport. Α review of studies considering the temporal variation of accessibility can 
be found in Christodoulou and Christidis (in press). 
We have combined detailed speed measurements to calculate accessibility indicators at fine spatial and 
temporal resolution with the aim to explore the impact of congestion on accessibility within a city. The 
following four accessibility indicators have been calculated: potential accessibility, location indicator, absolute 
accessibility and transport performance. 
 The methodological approach was first developed and tested for Seville, Krakow and Brussels. The 
results are presented in the interim report of the REGIOTRANSII project: Christodoulou and Christidis 
(2020a)  
 The approach was then used to conduct an in-depth analysis of accessibility and congestion in the 
FUA of Seville. The results have been published in Christodoulou and Christidis (in press). 
 Finally, the approach was applied to calculate set of accessibility indicators for different traffic 
conditions for each populated grid cell in the 310 European FUAs with more than a quarter million 
people. The final dataset1 is presented in Christodoulou et al (2020). 
This document has been created using excerpts from Christodoulou et al (2020), Christodoulou and Christidis 
(2020a) and Christodoulou and Christidis (in press). 
 
                                           
1 https://doi.org/10.6084/m9.figshare.c.4998035 
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2 Methods 
Accessibility indicators take into account the number of opportunities one can reach and the travel time 
required to reach them. The methodological approach builds on Christodoulou and Christidis (2019) and 
Christodoulou and Christidis (2020b). The analysis is carried out at grid level (500 m by 500 m grids) using 
the complete road network. The impacts of congestion are represented by the differences of accessibility 
between traffic and no-traffic conditions. We calculate accessibility by car for each populated grid cell based 
on the driving time to all other populated grid cells in the FUA.  
For the no-traffic scenario, travel times have been calculated using free flow speed provided by the Multinet 
data provided by TomTom. For the traffic scenarios, travel times have been calculated for one-hour periods of 
a weekday (Tuesday) using driving speeds corresponding to different congestion levels. The morning peak in 
most of the FUAs occurs between 8 am and 9 am. 
To calculate travel times, network analysis algorithms and processes have been developed using the 
programming language Python. The road network is represented as a directed multigraph and every edge 
contains driving time information under different traffic conditions which is used to calculate the shortest 
paths between origins and destinations applying the Dijkstra algorithm. Origins and destinations are the 
centroids of the grid and the actual shortest path calculated is the one between the closest nodes of the road 
network to the origin and destination respectively. More details can be found in Christodoulou et al (2020). 
We calculate four accessibility indicators that quantify four underlying aspects relevant to the spatial 
relationships within cities: 
— Absolute accessibility as an absolute measure of opportunities reachable within a certain travel time. 
Absolute accessibility measures accessible population within a certain travel time. Congestion has a 
negative impact on absolute accessibility by increasing travel time i.e. reducing the number of 
destinations reachable within the specified limit. 
— Transport performance as a relative measure of opportunities controlling for the size of city. Transport 
performance is a relative measure of accessibility which expresses the number of opportunities reachable 
within a certain travel time – i.e. absolute accessibility – with respect to the number of opportunities 
available within a certain radius. 
— Location indicator as a measure of a zone's connectivity. The location indicator measures the average 
travel time from an origin to all destinations, weighted by the population of destinations. 
— Potential accessibility as a measure of a zone's access to all opportunities. Potential accessibility 
measures the sum of population accessible from the origin zone per unit of travel time. 
Absolute accessibility depends on the pre-determined travel time threshold. This permits a direct physical 
interpretation (population reachable in 30 min) but the fixed travel time threshold makes the indicator 
dependent on population density and population size of the city. Transport performance was developed to 
address this issue by dividing the population reachable within a determined travel time by the total population 
within a determined distance. Potential accessibility indicates the average population reachable per unit of 
driving time. Without a pre-determined time threshold, it depends on the size, form and population 
distribution of the FUA. Finally, the location indicator measures population-weighted travel time. 
More details on the accessibility indicators and the formulas used can be found in Christodoulou et al (2020). 
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3 Data 
3.1 Population zones 
Accessibility is estimated for population zones in each city. The smaller the zones are, the more detailed the 
representation of routing becomes. In this study, the FUA population is distributed to 500 m by 500 m grid 
cells. The data are based on the 1km2 population grid for year 2011 provided by EUROSTAT (European 
Commission, 2011). From the population grid covering all Europe only the cells included in FUAs with more 
than 250,000 people have been selected, which is the case for 310 cities. 
3.2 Road network 
The complete road network is represented by the Multinet data provided by TomTom which allow for precise 
routing taking into account directions, access restrictions, road categories etc. This is particularly important at 
city level, because congestion appears on specific road segments and routing has to be as realistic as 
possible. 
TomTom provides also information on the variation of speed during the day due to changing traffic 
conditions. Such information is available for road segments where there is a sufficient number of GPS 
measurements by vehicles (probes) to estimate daily speed variations and it is used to associate these links 
with one of 293 available speed profiles. Speed profiles correspond to different patterns of variation of 
relative speed during a day and they include 288 values of relative speed for one day, i.e. one value for every 
five minutes. Speed profiles are provided for a typical week.  
More details on the data and information of data pre-processing can be found in Christodoulou and Christidis 
(2020a) and Christodoulou et al (2020). 
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4 Results 
Accessibility, i.e. the four indicators, has been estimated at grid level and then aggregated to estimate total 
accessibility for the FUA, city and commuting zone. The variation of total accessibility during the day can 
indicate peak and off-peak times of congestion and the analysis of the results at grid level the areas mostly 
affected by congestion.  
4.1 Temporal variation of accessibility (as presented in Christodoulou and 
Christidis (2020a)) 
The hourly variation of accessibility in Brussels, Krakow and Seville is illustrated in Figure 1. The aggregate 
results clearly indicate the existence of a morning peak between 8:00 and 9:00 for the three cities but the 
afternoon peak appears to be smoother for Seville. 
Figure 1: Hourly variation of absolute accessibility in Brussels Seville and Krakow (source: Christodoulou and Christidis 
(2020a)) 
 
The morning variation of transport performance and absolute accessibility for the three cities is displayed in 
Figure 3. The levels of absolute accessibility indicate that Brussels performs best among the three cities. The 
reason is thet Brussels is a large and dense city offering good access to many opportunities. However, 
according to the results of transport performance Seville comes first, indicating that the road network of 
Seville performs best offering better access to nearby opportunities. Accessibility in Krakow is lower than in 
Brussels or Seville according to both transport performance and absolute accessibility which means that, 
comparatively, in Krakow there is lower access to fewer opportunities.  
Particularly interesting appears to be the impact of congestion. Brussels is the city most affected by 
congestion as the drop of accessibility is sharper than in Seville or Krakow, while during the morning peak 
transport performance of Brussels falls below that of Krakow. 
Figure 2: Morning variation of transport performance and absolute accessibility in Brussels, Seville and Krakow (source: 
Christodoulou and Christidis (2020a)) 
 
 
7 
4.2 Grid accessibility analysis (as presented in Christodoulou and Christidis (in 
press)) 
In Figure 3 are illustrated the absolute changes of the location indicator at grid level in Seville due to 
congestion at the following times of the day: morning peak (08:00-09:00), mid-day (13:00-14:00), evening 
peak (17:00-18:00) and night (22:00-23:00). The location indicator that measures the impacts on travel time 
weighted by the number of opportunities (i.e. population in this case) indicates the commuting zone to the 
west of Seville as the one mostly affected by congestion. The range of impacts goes up to five minutes. 
Figure 3: Absolute changes of the location indicator (travel time in minutes to opportunities) due to congestion at 
different times of the day (source: Christodoulou and Christidis (in press)). 
 
4.3 Dataset of grid accessibility in 310 European cities (as presented in 
Christodoulou et al (2020)) 
The results at grid level are available as a dataset at the repository2 accompanying Christodoulou et al 
(2020). The dataset contains for each grid (500 m by 500 m) values for the four accessibility indicators 
corresponding to free flow and morning-peak traffic conditions. The data cover the FUAs of 310 cities in 
EU27, the UK, Switzerland and Norway with population higher than 250 thousand people. The aggregate 
results of the impact of congestion on population weighed average travel time for all 310 cities are illustrated 
in Figure 2.  
 
 
                                           
2 https://doi.org/10.6084/m9.figshare.c.4998035 
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Figure 4: Impact of congestion on travel time. Results aggregated at FUA level for 310 European cities with more than 
250,000 inhabitants. (source: Christodoulou et al (2020)) 
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5 Conclusions 
We combined detailed speed measurements and accessibility indicators at very fine spatial resolution in order 
to explore the impact of congestion on accessibility within major European cities. We can conclude that there 
is a direct link between congestion and decrease in accessibility, while accessibility indicators are suitable to 
capture the impacts of congestion. 
We have published the methodology and the dataset that contains a set of accessibility indicators for each 
populated grid cell in the 310 European FUAs with more than quarter a million people. The different 
accessibility indicators represent different aspects of accessibility. They have been calculated considering 
travel time from each grid cell to all other grid cells in the FUA. We have validated the travel time estimates 
against Google maps’ journey times for a sample of origin-destination pairs drawn from all the cities; the 
results can be found in Christodoulou et al (2020). 
Free flow accessibility at grid level indicates the most and least accessible areas in each FUA, while 
accessibility with congestion can be used to identify the areas most affected by traffic. The dataset can have 
several applications such as benchmarking European cities according to congestion and accessibility, 
analysing spatial patterns of congestion in relationship to urban forms, indicating with precision the areas in a 
city most affected by congestion etc. Combinations with other data – e.g. information regarding public 
transport or services – create further opportunities for analysis. 
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